Spun protein fibers which may be acceptable as meat analogues have been fabricated from antarctic krill (Euphausia superba) muscle proteins and Na-alginate. Through the use of column chromatography, the interaction between actomyosin, extracted from antarctic krill muscle, and polysaccharides were investigated. Of the polysaccharides tested, only Naalginate reacted with actomyosin.
Elution patterns of the reaction mixtures of actomyosin and Na-alginate were different from that of the individual component.
No apparent effects of Na-alginate on the elution patterns of globular proteins such as bovine serum albumin and apo-ferritin were observed. Elution pattern of antarctic krill muscle proteins mixed with Na-alginate was different from that of the antarctic krill muscle proteins only. It appeared that complex formation between antarctic krill muscle proteins and Na-alginate contributed to the fiber formation when the homogenous antarctic krill muscle proteins-Naalginate mixture was extruded into the coagulation solution containing Ca ion. In the following we want to report on the mechanism of fiber formation and the interaction between antarctic krill muscle proteins and polysaccharides, investigated with a column chromatography and SDS (sodium dodecyl sulfate)-polyacrylamide gel electrophoresis. The results showed that a complex formation between actomyosin and Na-alginate occured when they were homogenized during the preaparation of spinning dope leading to the formation of spun protein fibers as dopes upon extrusion into the coagulation solution.
Materials and Methods
Raw materials Antarctic krill (Euphausia superba) muscle was obtained from Taiyo Fishery Co., Ltd. The general analysis of raw materials was as shown in the previous paper5).
Na-alginate, urea, SDS (sodium dodecyl sulfate), pectin, pectic acid and CMC (sodium carboxymethyl cellulose) were of guaranteed grade and obtained from Ishizu Pharmaceutical Co., Ltd.
BSA (bovine serum albumin) is of fraction V and is the product of Sigma Chemical Company. Apo-ferritin is the protein marker for column chromatography and is the product of Schwartz /Mann Co..
The frozen antarctic krill muscle was thawed with 10vol. of cooled 0.1M KCl-0.025M Tris HCl-0.1mM PMSF (phenylmethyl sulfonyl fluoride) (pH 7.5). Posterior to centrifugation, the muscle residue was mixed with 0.6M KCl-
ATP (adenosine-5'-triphosphate) (pH 7.5) and stirred continuously
The supernatant obtained after centrifugation was diluted with 10vol. of 5mM 2-mercapto ethanol. The precipitate was dissolved with 0.45M KCl-1.5M sorbitol-0.05M Tris HCl5mM 2-mercaptoethanol (pH 7.5) and then dialyzed overnight against the same 0.45M KCl buffer. The dialyzed solution (actomyosin solution) was stored at frozen state and used for the experiments within 1 week of preparation.
Preparation of dope Spinning dopes were prepared according to the procedures described in the previous paper7). In this experiment, the composition of dope was 7% (w/w) antarctic krill muscle proteins and 1.75% (w/w) Na-alginate.
Solubilization of antarctic krill muscle
The frozen antarctic krill muscle and dope were added with 20vol. of 8M urea -20M phosphate buffer (pH 7.2) and then homogenized for 30sec.
One % of each of SDS and 2-mercaptoethanol were added to these homogenized solutions to dissolve the proteins. The solubilized proteins and dope solutions posterior to dialysis against 0.1% SDS-5mM phosphate buffer (pH 7.2) were used as the sample solutions for Sephacryl chromatography.
Sepharose chromatography Proteins (actomyosin, BSA and apo-ferritin) and polysaccharide solutions individually or in combination were applied to a column (2.2cm had been equilibrated with 0.45M NaCl-18. applied to a column packed with Sephacryl-300, which had been equilibrated with 0.1% SDS5mM phosphate buffer (pH 7.2). Samples were eluted with the same 0.1% SDS solution at room temperature.
Fractions of 2.5ml were collected. Solubilized dope solution was also applied to a column and the column chromatography was conducted under the same experimental conditions except that the sample was eluted with 3M and 6M urea -0.1% SDS5mM phosphate buffer (pH 7.2).
SDS-polyacrylamide gel electrophoresis (SDS-PAGE)
The 
Results and Discussion
The effects of the levels of Na-alginate on the elution patterns of actomyosin and Naalginate in the mixtures Actomyosin (3.8mg/ml) and Na-alginate solutions (0.1% w/v) were individually applied to gel filtration by Sepharosed Cl-4B and the was reacted with 0.75ml of 0.5% Na-alginate, were concentrated by using vacuum freezedrying method and electrophoresed on SDS-PAGE. As shown in the inserted figure in Fig.  1 , all protein bands were the same for the actomyosin solution (A), fraction number 46 (B) and fraction number 66 (C). It suggestts that hydrolysis or decomposition did not occur during the operation of column chromatography and the change of elution patterns was due to the interaction between protein molecules and charged polysaccharide. 2 showed that the interaction between protein and Na-conspicuous as Na-alginate level increased in the reaction alginate became more conspicuous as Na-alginate level increased in the reaction mixture. actomyosin-pectin and actomyosin-CMC systems were shown in Fig. 3 . It can be seen that there was no apparent interaction, as compared with the results in Fig. 1 , between protein and polysaccharides in the mixtures.
Figs. 4 and 5 also showed that there was no apparent interaction between the unheated-globular proteins (bovine serum albumin and apo-ferritin) and polysaccharide in the mixtures.
The easy interaction between actomyosin and Na-alginate may be due to the large reaction surface of the applied to gel filtration by Sephacryl-300. As shown in Fig. 6 , solubilized muscle proteins and dope were resolved into 3 peaks (myosin heavy chain, actin and low molecular weight components in elution sequence) and 1 peak, respectively, on the Sephacryl-300 column. The elution pattern of antarctic krill muscle proteins in spinning dope was altered, because of the complex formation between muscle proteins and Na-alginate.
In order to investigate the effect of urea on the complex formation, solubilized dope was eluted with 3M and 6M urea-0 .1% SDS-5mM phosphate buffer (pH 7.2). But similar results were observed as dope was eluted with or without the addition of urea in the same 0 .1% SDS phosphate buffer. 
